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6. A method for forming a tuitine engine oomponem^ram^ 
ofc 

providing a substrate comprised of a nickal-basad or a cot)alt-t)ased 
superailoy; 

applying a layer on the sut>strate, said layer comprismg a matrix phase 
and a disoete particulate phase comprising partides having an aspect ratio of 
not greater than 1^; 

heating the suti^rate to fuse the discrete partiodate phase to the 

substrata: £ffid 

removing the discrrte particulate phase, leaving behind a pturality of 
depressions in the matrix phase. 

7. A method of fommg an airfoil, comprising the steps of: 

providmg a mold having an inner core and an outer shell, the inner 
core having a pfumKty of protniskms along an outer surface portion thereof, 
the protnisims hovfrig an avmage height iwitMn a mge of about 125 miciDns 
to about 4000 microns; 

infecting a molten alloy into the mold; 

cooling the alloy to form the alrfcA and 

removing the moid, the airfoil having an inner surface having a texture 
that is complemerrtary to the outer surface of the inner core. 
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Another aspect of the invention calls for a method for f orniing a turbine 
engine component, inclu(fing the steps of provicfng a sul>strate: applying a 
layer on the substrate, which includes a matrix phase and a (fiscrete 
paniculate phase; and then removing the discrete particulate r^ase. By 
removal of the dscrete particulate phase, a (durality of depressions are left 
behind in the matrix phase. 

StUi another aspect of the present invention calls for a method of 
fbmung a turbine engine component, including the steps of providing a mold 
having a plurality of protrusions along a surface portion thereof, the 
protnisions forming a textured surface; injectmg a molten alloy into the mold; 
cooling the molten alloy to fomn a turtiine engine component; and removing 
the mold. Ihe turbine engine component following removal of the mold has a 
textured surface that is corapiementaiy to the textured surface of the mold. 

DETAILED DESCRIPTION OF THE INVENTION 

Embodbnents of the present invention utilize any material, including 
elemental metals, alloys, ceramics, composites, but generally take advantage 
of heat-resistant aloys desijped for hlgh>temperBtum environments, such as 
above 1000 '*C. As defined herein, ^netal-based" refere to substrates that 
cue |»vnarily formed of metal or metal aHoys. Some heat-tesistant alloys are 
■supereloysrinckjdingcobaft-based.nickal-basad. and iran4)a8ed alloys. In 
one embocftnenl, the superallcy is nickeK or cobatt-based. wherein nidoel or 
cobalt is the single greatest element by weight Illustrative nickel-based alloys 
include at least about 40 wt% nickel (NQ. and at least one component from 
the group consisting of cobalt, chromhim, aluminum, tungsten, molybdenum, 
titankim, and iron. Examples of nkdcel-based superaUoys are desiTiated by 
the trade names InconeicBi. Nimonic®, Rene® (e.g.. RenaOSOr. Rene®95 
alloys), and Udimel®. IHustrative cobalt-based alloys inckjde at least about 30 
wt% cobalt (Co), and at least one component from the group consisting of 
nickel, chromium, aluminum, tungsten, molybdenum, titanium, and iron. 
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in one embocfiment of the invention, the brazing sheet is a green braze 
tape. Such tapes are commercially available. The green braze tape Is 
formed from a slurry of a braze alloy, generally in the form of a braze alloy 
powder and binder in a liquid medium such as water or an onganic Oquid. The 
liquid medum may function as a solvent for the bnutor. 

The composition of the braze alloy Is generally nickel-based or cobalt- 
based. Nickel- or cobalt-based compositions generally denote compositions 
wherein nfekel or cobaH is the single greatest element in the composition by 
weight percentage. The braze alk>y composition may also oxitain silicon, 
boron, phosphorous or combinations thereof, vvhich serve as melting point 
suppressants, it is noted that other types of braze aDoys can be used, such 
as precious metal compositkms containing silver, gold, or palladium, mixtures 
thereof, in combination with other malab, such as copper, manganese, nietnl. 
chrome, sificon. and boron. Mixtuies that include at least one of the braze 
aloy elements aie also possible. Exemplary braze afloys have the fbitowing 
nominal eompositkms, by weight percent: 2.9 boron. 92.6 nickel. 4.5 tin: 3.0 
boron. 7.0 chromium, 3.0 iron. 83.0 nickat. and 4.0 siiicon: 19.0 ehramium, 
71 .0 racket, and 10.0 siTicon: 1 .8 boron. 94.7 mdml. and 3.5 sUcon. 

A variety of molsrials are genereliy used as binders in the slurry for 
forming the green braze tape. Non-limftlr>g exarr^les include water-based 
orgaracmatsriais. such as polyethylene oodde and various acrylics. Solvent- 
based binders can also be t»ed. Additkmai organte solvents (e.g.. acetone, 
toluene, or various xylenes) or water may be added to the sluny to acQust 
viscosity. 

The slurry is usually tape cast rnito a removable support sheet, such 
as a plastic sheet formed of a rriaterial such as Ik^ylar®. A doctor-blade 
apparatus is generally used for tape-casting. Substantially all of the volatile 
material in the slurry is then alk>wed to evaporate. The resulting braze alloy 
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preferred embodiment the average size of the powder particles is in the 
range of about 180 microns to about 600 microns. 

The depression-producing material is fomied of any material that may 
be selectively removed from the matrix phase material. Preferably, the 
particulate material does not react with the matrix material at elevated 
temperatures used for bonding the matrix material to the substrate. For 
example, the material may be metallie, such as nickel-chrome-aluminum-yttria 
alloys (NiCrAlY), which can be seledivBly removed from the braze aBoy matrix 
by etching in an add bath. Ceramic material may also be used, which may 
provide even nx>reseiecth%. For example, in one embodiment, alumina 
particles are utilfaoed, which may be Med selectively from a braze alloy 
matrix vrith various oxidiztng adds, such as hydrochloric add. Inlow 
temperature applications, where the matrbc phase is fbmied of a solder or 
high-temperature epoxy, plasties in particulate form can be used. 

The powder can be randomly appBed by a variety of techniqueSt such 
as sprinkling, pouring, blowing, roR-depositing, and the liKe. The choice of 
deposition techniqpie will depend in part on the desired arrangement of 
powder particles, to provide the desired pattern of ridges and depressions. 
As an example, metered poritions of the powder are sprinkled onto the tape 
surface through a sieve in those instances where the desired pattem-density 
of the depressions is relatively tow. 

Usually, an adhesive is applied to the surface of the green braze tape 
prior to the application of the depressiorvprodudng powder thereon* Any 
braze adhesive can bB used, so long as it is capable of completely volatilizing 
during the subsequent fusing step. Illustmtive examples of adhesives include 
polyethylene oxide and acrylic materials. Commercial exampfes of braze 
adhesives include "48 Braze Binder", available from Ck)tranics Corporation. 
The adhesive can be applied by various techniques. For example, liquid-like 
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powder can easily be removed, leaving th desired pattern of particles. As 
another altemative, a 'cookie cutter* technk|ue may be employed, wherein 
the braze tape is first cut to define a desired depression-producing pattern, 
folbwed by removal of tfte excess braze tape. The depresaonisroducing 
powder can then be applied to ttie patterned tape. In yet another 
embodiment particles of the depression-producing material are coated witti 
braze alloy, and the coated particles are acfiiered onto an adhesive sheet that 
volatilizes during the fusing step. Hare, tiie adhesive sheet provides a simple 
means for attachment of the depression-producmg material to the substrate 
prior to fusing, but generally plays no role In the fM. fused aitide. 

in another embodiment the depression-producing powder is nnxed 
wtth ttie other components of the green braze.tape; such as braze alloy 
powder, binder and solvent during ftrnnotiori of the green braze tape, rather 
than pravicfing the deprss^on-producing powder on a surface of the already 
formed tape. The depression-producirig powder in turn forms a dispersed 
particulate phase within ttte green braze tape. 

The removable support sheet such as Mylait!^ baddng is then 
detached from the green braze tape. The tape is then attached to a portion of 
the compcment-substrate where enhanced heat transfer is desired. Asan 
example, an adhesive may be employed. Any adhesive suitabia for attaching 
the tape to the substrate material wcHjid be suitable, provided that it 
completely volatilizes ifciring ttte fusmg step. 

Another simple rrieans of attachment is used in some embodiments. 
The green bran tape can be piaoed on a selected portion of the substrate, 
and then contacted witti a solvent that partial^ dissolves and piasticizes the 
binder, causing the tape to conform and adhere to the substrate surface. As 
an example, toluene, acetone or another organic solvent could be sprayed or 
brushed onto the braze tape after the tape is placed on the substrate. 
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In another embodiment of the invention, the brazing sheet is in the 
form of a metal preform having first and second ajifeces. Theprefonnis 
fomied of a metalfic material similar to that of the substrate, such as a braze 
alloy like that descr3)ed for the previous embo(fimenL Tlius. if the substrate 
is a nickei-based superaltoy, the preform material is generaOy a nickel-based 
superalkjy. Other braze alk)y compositions may also be suftable, such as 
those compdsing cobalt or iron; or the predous metal compositions described 
previously. The braze alloy composition typically contains sir»on. boron, or 
combinatkxis thereof, which serve as melting point suppressants. However, 
unlike a green braze tape, the metai prefbimgeneraHy does not contain a 
binder since the preform b in densSledfonm. The preibmn usually has a 
thickness of about 0.1 micron to about 2500 micrens. and prefaiably. about 
25 microna to about 200 microns. ' 

Various technkiues can be used to make the metal prefdnn. Inthefirst 
teehnk)ue. a mixture of metanc powder material and binder is tape-east onto 
a removable support sheet The support sheet b removed, and the remaining 
green sheet is then sinterad to foim the prefoim. e.g., by using a vacuum heat 
treatment The sintering temperature is dependent on vartous factors, such 
as the composSion of the alloy of the prefonn. the sb» of the powder 
partides, and the desired density of the prefona This process is typfcaly 
called a lape-cast pre-fbnn" teohniqua. 

According to another tectvtk|ue, a nratalSe powder material is 
deposited onto a support sheet as a thin layer of metal. Various themiai 
spray technic^es are usuaBy used for the deposition, such as vacuum plasma 
deposftkm, HVOF (Ngh vetocity o^fuel), or air plasma (AP) spray. Other 
depositton techniques could be employed as well, e.g., sputtering or physkal 
vapor deposition (PVD). The support sheet Is then removed, leaving the 
desired metal preform. 
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romovabte support sheet is employed during fabrication, which sheet has the 
desired cun/ature of the sid}strate. The braze material is then deposited on 
the support sheet by the techniques described previously* e«g., themrnl 
spraying or casting (for example, Itquhl metallic casting without a binder, or 
powder-sluny casting with a binder). The depresaon-produdng powder can 
then be deposited on the prefonn, as also descfflbed previously. The preform 
which has the desired curvature can then be detached from the support 
sheet. 

The braze prefomi is cut to a mzB af^ropriate for the sfte on the 
substrate where enhanced heat transfer is to be provided. The preform can 
then be attached to that portion of the substrate. As an example, the surface 
oppostte that whid)b coated wHh the depfessiurH)rodu^ powder is 
attached to the substrate with an adhesive sheet or adB>e8ive composition 
Any adhesive suitable for attaching the preform to the substrate metal should 
be suitable, as tong as ft completely volatilizes during the fusing step. 
lOustrative adhesivas are those that were described previously. 

Aftemativeiy. the braze preform is attached by medianical means. In 
some prefened embodiments, the preform is locaiiy weUed tothe substrate 
surface at a few locations (spot welding). A variety of heating techniques 
could be emptoyed. such as TIG (tungsten inert-gas) welding, resistance 
welding, gas welding (e.g.. with a torch). RF weldng. electron-beam welcSng. 
and IR lamp methods. 

Fusflig of the prefonn to the sid»strate can then be undertai<en as 
described previously, with brazing often being used for this step. Brazing 
temperatures wiD again depend in part on the type of braze alloy used for the 
preform, and are typically in the range of about S25°C to at>out 1650°C. In 
the case of nickel-based braze aUoys as described above, braze 
temperatures are usually in the range of about 800''C to about 126Q''C. The 
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such as polyethylene oxide and various acrylics. Nonaqueous soh/ent-based 
binders can also be used. 

The sluny itself genemlly contains depressioni^nxlucmg powder, 
braze alloy, and binder. The amount of braze atioy is chosen relative to the 
depression-producing powder in an amount sufficient to bond the patticies of 
the depression*producing powder to the substrate, such as about 1 to 40 wt% 
braze alloy and the balance (about 60 to 99 wt%) depression-producing 
powder. The amount of binder is generaOy present in an amount to ensure 
sufficient green rtrength for handBng while minimizing the volume of binder 
burnout, such as about 1 to 20 wt% of the sluny. 

in the embodiments described above, the structure of the component 
after-fusing includes a solidified braze alloy film that fonms a portion of the 
outer auffaoe of the component, and protuberances that extend beyond that 
surface. InrsfermcetoRGS. 1and2,conq>onerit10ffidudesasubstrate 
12, matrix phase 14 in the form (rfa bnuoe fOm, and particies 16 embedded in 
the matrix phase 14 to form protuberances. As shown, the particles 16 are 
generally arranged in a monolayer, which generally has IrtHe or no stacking of 
particlee. Thus, after fusing, the treated con^onent has an outer surface 
defined by the film of braze alloy, which has a particulate phase embedded 
therein. The film of braze aHoy generally fonns a continuous ma^ As 
used herein, "bontinuousT matrix phase denotes an Merconnected film along 
the treated region of ttie substrate, between particles or dusters of particles. 
Alternatively, the fihn of braze alloy may not be continuous, but rather, be only 
locally present to bond individual particies to the substrate. In tftis case, the 
fibn of braze alloy is present in the fonn of localized fillets, sunounding 
discrete particles or dusters of partides. In eitiier case, thin portions of the 
film may extend so as to coat or partially coat partides of the depression- 
produdng powder. 
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bounded by two fine segments, each of which is concava as viowed from an 
exterior of the depression. Concavfty of a depression according to an 
embodiment of the present invention is descnbed in more detail below. 

As shown in RGs. 4 and 5, each depression has a bottom point 24, 
which is the bottom-most point of the depression. In the case of spherical 
particulates, the depressions 21 are genenilly hemiq>herical. and the bottom 
point 24 is located at the geometric center of the depression. In this regard, 
the cross-section of FIG. 5 is taken through the bottom point 24, and bisects 
the depression 21. In that cross-section, a first line segment 25 is defined, 
extenc&ig from a first side of ridge 20 to bottom point 24. and a second line 
segment 26. extending from a second side of ridge 20 to bottom point 24. As 
ilustratsd, each of the first and second fine segments 25 and 26 is concave 
as viewed ftom an exterior of the depression 21, along a cBrection normal to 
the fine segment. In this particular mibodiment the enttr^ of each line 
segment along its length is ooncawe; each line se^nent has no comw 
portions. 

As illustrated In FIG. 5. depression 21 has a dUvneterj. Thediameter 
d generally corresponds to the size of the particuiates of the depression- 
producing phase. AccoKfingly, the average diameter d is on the order 
about 125 to about 4000 mknns. such as about 125 to 2050 microns^ 
Further, the depression 21 has a radius of cunmture on the order of about 75 
to about 2000 microns, such as about 75 to 1 000 microns. The radius of 
curvature shown m the drawings is generally constant through me entirety of 
the depn^sion due to the hemispherical contour of the depression. However, 
the radhis of cun/ature need not be constant, such as is the case when non- 
spherical particles are used to f omi tlie depressions. Generally, non- 
hemisphericaJ depressions have a radius of cunrature at several points along 
the depression that faH within the values stated above. 



(29) 



!^200 1-1 6490 1 



one fonn, the protuberances are generally spherical, having an average 
aspect ratio less than 2.0, typically less than at>out 1 .5, and more particulaify. 
not greater than about 1 2. The protuberances have an average height on 
the order 1 25 to about 4000 microns, such as about 125 to about 2050 
microns. The mold may be manufactured by one of various techniques used 
in the art such as what is known as the lost wax process.' Typicaiy.the 
mold is formed of a ceramic material to withstand the high temperaiures 
generally associated virith casting a molten alloy. Typical ceramic materials 
include alumina, siGca. and combinations thereof. 

Molds for casting typicafiy hatve an outer shell and an inner core. In 
cases where the textured surface is along an Interior of a part such as an 
inner surface defining an internal cavSy, an outer surface of the inner core is 
textured with the protuberances or bumps as described above. A ^ical 
example of such a component is a turtiine blade which reoeivasbacicskle 
coolant flow. 

Following easting, the alloy is aRowed to cod and solioBfy. Themoldis 
thm separated from the componenL TyrricaOy. a portion of the mold, such as 
the inner core, is destroyed In order to separate the moid from the cast 
component The cast component has a textured surfece that mimics or is 
compiementafytotheprotuberBnce-oontainingsurtaoeofttwmold. That is, 
the cast component has a plurality of recesses that are complementary to the 
protuberances of ttie moid. The geometrical characteristics of the textured 
surfece, biduding contour, size, and shape of the recesses and ridges are as 
stated above for the embodiment formed using subtractive techniques. 

According to the foregoing embodiments of the invention, the average 
depth of the depressions as measured from the ridge to the iMttom point Is on 
order of about 75 microns to about 2000 microns, particularly about 75 
microrts to about 1000 microns, in addition, according to embodiments of the 
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Texturing can b applied to a wide variety of turbine engine 
components. For example, other superalloy components including combustor 
liners, combustor domes, buckets or blades, nozzles, vanes, alrfofls. or 
shrouds. Non^uperaloy components used in lower temperature applications 
may also be treated. For «campie, shroud clearance control areas, including 
flanges, casmgs, and rings may be advantageously treated. In these 
embedments, use of texturing pennits more accurate control of the <fiameter 
of the flowpath shroud, thereby decreasmg the dearanee between the blade 
tip and shrwd suifece and ktcreasing efficiency. In view of the lower 
temperature requirements for the materials of such components, in the case 
of an overtay coating, the braze alloy may be replaced with another bonding 
agent such as a high tempemture epoxy or solder, for example. 

As described above, cooling is generally eanied out by impingement 
cooling, that Is, with a coolant medium that Is dbtectad perpendiculariy against 
a component used in a hi^ temperature envlronmani It should be 
understood that whie impbtgemant coolbig represents a preferable fomi of 
cooling, the oocrfant medium can be drectsd at vaiying angles with fBspect to 
the textured surface, inaddifon.whilatheooolantmediumi8usuallyalr.it 
could also be compoaad ol other fluids such as water. 

As (toscribed above, a taxtursd surface is casNn or provided in the 
fbmi of an overlay coating to improve heat transfer. The increase in heat 
transfer is believed to be largely due to the increased surface area of the 
treated component. The textured surface may aiao increase heat transfer by 
modifying the coolant medium flow characteristics, such as from laminar flow 
t6 turt>ulated flow along the surface. 



(33) 



^2001-164901 



FIG. 1 




FIG. 3 
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1. Abstract 

A tuibiie enpne component is provided that has a suiface that 
contains a piuiatity of depressions that are effectrve to increase the surface 
area of the component The depressions are generally concave in contour 
and improve the heat transfer characteristics of the component Methods for 
forming ttw turbine engine components are also dsdosed. 

2. Representative Drawing: Rgure 5 



